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(54) MICRO FOCUS X-RAY TUBE DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the allowable 
load for a micro focus X-ray tube. 
SOLUTION: A micro focus X-ray tube device 10 
consists of an X-ray tube 1 1, a power source unit 12, a 
control unit 13, and a casing 14. The X-ray tube 1 1 
consists of an electron beam source 21, an extracting 
electrode 22, an electronic optical system 23, an 
acceleration electrode 24, an anode 26, and an envelope 
35 which contains and supports these units. The anode 
26 consists of a revolving disk-like target 27, a 
cylindrical rotor 31 to support it, and a fixing unit 32 
which supports the rotor 31 freely rotatably. In the 
peripheral part of the target 27, a ring-like electron 
colliding unit 28 shaped into a thin plate is furnished. In 
the peripheral part of the rotor 31, a stator 44 is 
arranged, which rotates the target 27. By focusing an 
electron beam 25 discharged from the electron beam 
source 21 to a micro focus by the electronic optical 
system 23 and letting the beam collide with a focal point 

29 of the electron colliding unit 28 of the revolving target 27, generated X-rays 45 is 
from the X-ray radiation window 39 to the outside, transmitting through the electron 
unit 28. 
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* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] An electron ray generation source, the electron optics system which converges this 
electron ray on a narrow beam, and the anode plate which said electron ray collides and 
generates an X-ray, The micro focus X-ray tube which consists of this anode plate, said electron 
optics system, and the envelope that connotes said electron ray generation source to a vacuum 
airtight. In the micro focus X-ray tube assembly possessing the power supply section which 
supplies power to this micro focus X-ray tube, and the control section which controls this power 
supply section Said anode plate is a micro focus X-ray tube assembly characterized by being 
constituted so that it may have the rotating disk type-like section and said electron ray may 
collide with this disk type-like section. 



[Translation done.] 



http://www4.ipdl. ncipi.gojp/egi-bin/ti c Qn_wob^ogi_ojje?u=http%3A%2F%2Fwww4.ipdl.nci... 04/1 1/1 a 



1/6 s<— V 



* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the micro focus X-ray tube assembly which is X 

line source for obtaining the radioscopy image of a very minute object. 

[0002] 

[Description of the Prior Art] In a general industrial X-ray fluoroscope, when an inspection object 
is minute, it is desirable to obtain the radioscopy image expanded as much as possible. For that 
purpose, the magnitude of the focus (X line source) which is the generating field of an X-ray 
must be very small. Then, the micro focus X-ray tube assembly of several micrometers in a focal 
dimension is beginning to spread in recent years. Moreover, in a micro focus X-ray tube 
assembly, in order to enlarge a geometric dilation ratio, distance between a focus and an 
inspection object must be made small as much as possible. The so-called transparency mold X- 
ray tube which uses the X-ray which penetrated the target of an anode plate in many cases as 
an X-ray tube which sees through such a minute inspection object is used. With the 
configuration of a common rotating anode X-ray tube, since there is a rotation drive, this reason 
is because a transparency X-ray cannot be used. 

[0003] Since the electron beam current (X-ray tube current) which generates an X-ray was in 
the inclination for the image quality of the fluoroscopy image obtained, so that it is large to 
become good, the practically large X-ray tube current was required, but since the target fused 
locally by generation of heat of the electronic collision section (focus) of a target when the not 
much large X-ray tube current was passed, the threshold value permitted was prepared and 
restricted. The threshold value of this anode plate load permitted is called allowable load (or the 
maximum allowable load). 

[0004] In the micro focus X-ray tube assembly, the method which moves the electronic collision 
section at the time of melting of an anode plate (target), or the method which interrupts electron 
irradiation is indicated by the USPNo. No. 4,344,013 official report and the ****** No. 503,618 
[ ten to ] official report. No techniques of these well-known examples permit melting on the front 
face of an anode plate, and do not avoid generating of the melting phenomenon itself. When an 
anode plate fuses, the degree of vacuum in an X-ray tube usually deteriorates, and bad 
influences, such as degradation of withstand voltage nature and reduction of an electron beam 
current, are done to an X-ray tube. Moreover, by neither of the above-mentioned methods, 
radioscopy must be interrupted at the time of melting generating of an anode plate, and un- 
arranging is avoided also for an X-ray tube user. 
[0005] 

[Problem(s) to be Solved by the Invention] Compared with the rotating anode X-ray tube which 
has generally spread widely in the micro focus X-ray tube assembly of the conventional 
configuration like the above, allowable load is small, and there are few X-ray tube currents 
acquired. Moreover, a higher-definition perspective diagram image is obtained and it is almost 
impossible utterly from the need for increment preparations melting evasion to the case of a 
fixed anode X-ray tube of an X-ray tube current. Moreover, even if it is going to adopt the 
structure of a common rotating anode X-ray tube as it is and is going to aim at the increment in 
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an X-ray tube current, a t^^t transparency X-ray cannot be used b^Jfuse of the existence of 
a rotation drive. When [ using the X-ray of the direction reflected from a target ] the 
configuration of the reflective mold X-ray tube of a method is usually adopted, in a geometric 
dilation ratio, a sacrifice fake colander is not obtained but the advantage of a micro focus X-ray 
tube is no longer employed efficiently. 

[0006] In consideration of the trouble like ****, it aims at offering the micro focus X-ray tube 

assembly which improved allowable load by this invention. 

[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the micro 
focus X-ray tube assembly of this invention An electron ray generation source, the electron 
optics system which converges this electron ray on a narrow beam, and the anode plate which 
said electron ray collides and generates an X-ray, The micro focus X-ray tube which consists of 
this anode plate, said electron optics system, and the envelope that connotes said electron ray 
generation source to a vacuum airtight, In the micro focus X-ray tube assembly possessing the 
power supply section which supplies power to this micro focus X-ray tube, and the control 
section which controls this power supply section, said anode plate is equipped with the rotating 
disk type-like section, and it is constituted so that said electron ray may collide with this disk 
type-like section (claim 1). 

[0008] With this configuration, since the disk type-like section (target) of the anode plate where 
an electron ray collides rotates, the temperature of the focal plane of a target can be reduced 
and the load which can be inputted into an X-ray tube can be increased. Consequently, since X 
dosage emitted from a target can be increased, the image quality of an radioscopy image can be 
improved. 

[0009] The electronic collision section which said electron ray of the disk type-like section of 
said anode plate collides, and generates an X-ray further is made into the shape of sheet metal, 
and an X-ray penetrates the electronic collision section, and it constitutes from a micro focus 
X-ray tube assembly of this invention so that it may emanate from a rear face. Since an X-ray is 
emitted in the same direction as X-ray tube shaft orientations, the die length of the shaft 
orientations of an X-ray tube can be shortened, and it can constitute from this configuration in 
small and a compact as the whole X-ray tube assembly. Moreover, since an inspection object 
can also approach a focus and can be arranged, the geometric dilation ratio of an radioscopy 
image can be enlarged. 

[0010] In the micro focus X-ray tube assembly of this invention, the fixed part to which said 
anode plate supports further said disk type-like section, Rota of the shape of a cylinder which 
supports this, and this Rota free [ rotation ] through a revolving shaft and bearing is provided, 
and the rotation drive of said anode plate is carried out by the stator arranged in the periphery 
section of said Rota. With this configuration, since an anode plate can be rotated in combination 
with the stator arranged in anode plate Rota and the exterior, the load which can be inputted 
into the target of an anode plate can be increased, and radiation X dosage can be increased. 
[001 1] In the micro focus X-ray tube assembly of this invention, the disk type-like section of 
said anode plate is further supported by pivot bearing free [ rotation ]. moreover, said pivot 
bearing — the medial axis of said disk type-like section — and it is arranged in the both sides of 
this disk type-like section. With this configuration, since the disk type-like section of an anode 
plate is supported by pivot bearing from both-sides side, the die length of the anode plate of an 
X-ray tube becomes short, and becomes small as the whole X-ray tube assembly, and compact 
as that result. 

[0012] In the micro focus X-ray tube assembly of this invention, further, one or more magnetic 
poles are stuck on one field of the disk type-like section of said anode plate, the rotating- 
magnetic-field generating means of the shape of a ring which generates rotating magnetic field is 
arranged in the location which counters said magnetic pole of the exterior of said envelope, and 
the rotation driving force of said anode plate is obtained by acting this rotating magnetic field on 
said magnetic pole. With this configuration, the rotation driving force of an anode plate is 
obtained with the combination of the anode plate of a pivot bearing support method, and a ring- 
like rotating-magnetic-field generating means, and the die length of the anode plate part as an 
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X-ray tube assembly can ^feiortened. 

[0013] 

[Embodiment of the Invention] Hereafter, the example of this invention is explained along with an 
accompanying drawing. The outline block diagram of the 1st example of the micro focus X-ray 
tube assembly concerning this invention is shown in drawing 1. In drawing 1, micro focus X-ray 
tube assembly 10 of this example consists of cases 14 which contain the power supply section 
12 which supplies various power to micro focus X-ray tube 1 1 which emits an X-ray from a 
minute focus, and micro focus X-ray tube 1 1 , the control section 1 3 which controls micro focus 
X-ray tube 1 1 through a power supply section 12, micro focus X-ray tube 1 1 and a power supply 
section 12, and a control section 13. 

[0014] In drawing 1 micro focus X-ray tube 1 1 The source 21 of an electron ray which generates 
an electron ray 25, and the cash-drawer electrode 22 which pulls out the electron ray 25 
generated in the source 21 of an electron ray, The electron optics system 23 which converges 
an electron ray 25 so that a minute focus may be formed, It consists of an accelerating 
electrode 24 accelerated to the energy of a request of an electron ray 25, an anode plate 26 
which generates X-ray 45 by the collision of an electron ray 25, and an envelope 35 which pulls 
out with the source 21 of an electron ray, supports an electrode 22, an electron optics system 
23, an accelerating electrode 24, and an anode plate 26, and is connoted to a vacuum airtight. 
[0015] The source 21 of an electron ray which generates an electron ray 25 processes the 
ingredient which was usually excellent in the electron emission characteristic of a tungsten, 6 
boronizing lanthanum, etc. so that a tip configuration may become thin. The cash-drawer 
electrode 22 is carrying out the shape of a cylindrical shape with a bottom by which opening 
(hole) which lets an electron ray 25 pass was prepared in the edge, and has held the source 21 
of an electron ray in the interior of the cylinder. The potential of the source 21 of an electron 
ray and the potential of the cash-drawer electrode 22 are impressed by the power supply 
section 12 through the source lead 49 of an electron ray, and the cash-drawer electrode lead 50, 
respectively. 

[0016] An electron optics system 23 constitutes the electron lens for converging an electron ray 
25 by several steps of electrodes, or the magnetic pole, and the control system which controls 
the power sources which pass the power source or exciting current which impresses each 
potential, and those power sources is connected to each electrode or a magnetic pole. Each 
potential or an exciting current is impressed through the electron optics system lead 51 from a 
power supply section 12. An accelerating electrode 24 is an electrode for giving energy required 
since an X-ray is generated in an electron ray 25. Acceleration voltage is impressed by the 
power supply section 12 through the accelerating-electrode lead 52 between the source 21 of an 
electron ray, and an accelerating electrode 24. 

[0017] An anode plate 26 consists of a very thin disc-like target 27, Rota 31 which supports a 
target 27, and a fixed part 32 supported for Rota 31, enabling free rotation. A target 27 usually 
consists of ingredients, for example, the tungsten, tantalums, etc. of a plateau child number with 
sufficient generating effectiveness of an X-ray. The part 28 (henceforth the electronic collision 
section) which the electron ray 25 of a target 27 collides and generates an X-ray is processed 
thinly. The X line source (focus) 29 is formed in this electronic collision section 28 of the 
collision of an electron ray 25, and the generated X-ray penetrates the electronic collision 
section 28, and is emitted outside as a transparency X-ray. In order that the electronic collision 
section 28 of a target 27 may suppress attenuation of a transparency X-ray as much as possible, 
it is made very thinly, but other parts are thickly constituted, in order to secure reinforcement. 
[0018] In the above, although the case where it constituted from one kind of ingredient as 
structure of a target 27 was explained, as a target 27, you may constitute from two or more 
kinds of ingredients. If one example is given, the base of a target 27 will be made from the 
roentgenoparent good ingredient of the low atomic number, and it will cover in the electronic 
collision section 28 with the thin film of the ingredient of the plateau child number with sufficient 
generating effectiveness of an X-ray. As a low Z material, iron, copper, beryllium, etc. are used, 
for example. Moreover, as thickness of a thin film, at least 5 micrometers or more are required, 
and it can form by plating, vacuum evaporationo, etc. 
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[0019] The target 27 is coi 




ed with the support shaft 30 of Rota 




the core of a disk. 



Association with a target 27 and the support shaft 30 is performed by conclusion or soldering by 
**** etc. Rota 31 is supported by the fixed part 32 free [ rotation ] through a revolving shaft 
(not shown), bearing (not shown), etc. About structures and ingredients, such as Rota 31, a 
revolving shaft, bearing, and a fixed part 32, the technique of a common medical rotating anode 
X-ray tube is applicable. 

[0020] The rotation drive of an anode plate 26 is performed by combination with the stator 44 
arranged at Rota 31 and its periphery. Stator driver voltage is impressed to a stator 44 through 
the stator lead 53 from a power supply section 1 2, an exciting current flows to a stator 44 by 
this stator driver voltage, rotating magnetic field occur, and Rota 31 which supports a target 27 
is rotated. Although it can bring close to a maximum of 3,000 rpm or 3,600rpm if the power 
source of commercial frequency is used about the rotational frequency of a target 27, you may 
rotate at a low speed using the power source of a lower frequency. 

[0021] He is trying for arrangement of the fixed part 32 of an anode plate 26 and a stator 44 not 
to check like illustration radiation of X-ray 45 which penetrated the target 27 by being 
concurrent with the focusing system of an electron ray 25. 

[0022] An envelope 35 consists of a cathode envelope 36 which connotes the focusing system of 
an electron ray 25, an anode plate envelope 37 which connotes the target 27 of an anode plate 
26, and a Rota envelope 38 which connotes Rota 31 of an anode plate 26. The configuration in 
which the anode plate envelope 36 of the shape of a large cylindrical shape and the Rota 
envelope 38 of the shape of a small cylindrical shape were juxtaposed and attached in the anode 
plate envelope 37 which carried out a form like a circular case as an overall configuration of an 
envelope 35 is carried out. The X-ray emission aperture 39 is attached near the electronic 
collision section 29 of the anode plate envelope 37. As an ingredient of an envelope 35, a metal 
or an insulating material is used, an insulating material is used for the edge of the required 
cathode of high voltage insulation, or the edge of an anode plate, and the metal is used for the 
part near ground potential. In drawing 1, most cathode envelopes 36 (part near the source 21 of 
an electron ray) and the Rota envelope 38 consist of insulating materials. 
[0023] As a metallic material used for an envelope 35, stainless steel, copper, molybdenum, 
covar, etc. are used and glass, a ceramic, etc. are used as an insulating material. Covar, 
molybdenum, etc. are used for a connection with glass or a ceramic, and it connects by joining, 
soldering, etc. Connection between metals is made by welding or soldering. Moreover, 
roentgenoparent good beryllium (plate) etc. is used as an ingredient of the X-ray emission 
aperture 39. When the insulating material is used as an ingredient of the anode plate envelope 37, 
an insulating material can also be used as an X-ray emission aperture 39 as it is. 
[0024] Next, actuation of the micro focus X-ray tube assembly of this invention is explained 
briefly. In drawing 1, if it pulls out with the source 21 of an electron ray of micro focus X-ray 
tube 1 1 and an electron ray cash-drawer electrical potential difference is impressed by the 
power supply section 12 between electrodes 22, an electron ray 25 will occur from the tip of the 
source 21 of an electron ray, and it will be emitted in the shape of a beam from the hole of the 
cash-drawer electrode 22 by the electric field made by this electron ray cash-drawer electrical 
potential difference. This electron ray 25 converges thinly so that it may become a desired focal 
dimension with the electron lens made by the electron optics system 23. Furthermore, from a 
power supply section 12, with the acceleration voltage impressed to an accelerating electrode 
24, a high speed accelerates, and this electron ray 25 collides with the focus 29 of the electronic 
collision section 28 of a target 27, and generates a braking X-ray. 

[0025] X-ray 45 generated with the focus 29 penetrates the electronic collision section 28 of the 
thin meat of a target 27, and is taken out outside through the X-ray emission aperture 39 
prepared in the anode plate envelope 37. After X-ray 45 taken out outside is adjusted by the 
filter 46 etc. in the quality of radiation, it is irradiated by the inspection object and X-ray 45 
which penetrated the inspection object carries out incidence to the X-ray detecting element 60. 
In the X-ray detecting element 60, an incidence X-ray is changed into a picture signal, and the 
radioscopy image of an inspection object is obtained. In the image display section 61, this image 
is displayed as an radioscopy image. 
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[0026] Usually, in a micro 




is X-ray tube assembly, since the volta. 




if X-ray tube of about 



100kV and the load of about 0.1mA of X-ray tube currents are impressed to an anode plate 26, 
the heat of this burden will be in the electronic collision section 28 of a target 27. When a 
quantity of this amount of heat inputted into the electronic collision section and a tungsten is 
used as a target with the conventional fixed anode X-ray tube, the temperature of the electronic 
collision section rises also at 3,600 degrees C, and exceeds the melting point of a tungsten, the 
phenomenon in which a target fuses happens, in being the worst, a hole opens in an envelope, 
and a vacuum may be torn. 

[0027] In this invention, since an effectual area of the focus 29 of the electronic collision section 
28 spreads by rotating an anode plate 26, the same quantity of a load can also suppress low the 
temperature rise of the focus 29 of the electronic collision section 28. For example, when an 
anode plate 26 is rotated at a rotational frequency from which the passing speed of the 
electronic collision section 28 of a target 27 serves as 2 m/s, the temperature of the electronic 
collision section 28 becomes 2,500 degrees C or less. Since this can reduce the temperature of 
the electronic collision section 28 by rotating an anode plate 26, it means that more loads can be 
made to input into a target 27. 

[0028] Thus, since more loads can be inputted into a target 27 by rotating an anode plate 26, 
more X dosage generated with a target 27 is obtained. Consequently, since the transparency X- 
ray of an inspection object increases also when imaging the transparency X-ray image of an 
inspection object, reinforcement of the picture signal for imaging by which photo electric 
conversion was carried out in the X-ray inspection section 60 can be enlarged, and a clearer 
radioscopy image can be obtained in the image display section 61. 

[0029] The outline block diagram of the 2nd example of the micro focus X-ray tube assembly 
concerning this invention is shown in drawing 2. This example changes the structure of an anode 
plate to the 1st example. In drawing 2, the anode plate 70 consists of a disc-like target 27 and 
pivot bearing 7 which supports this disc-like target 27 free [ rotation ]. The electronic collision 
section 28 is formed in the target 27 like the 1st example, and when an electron ray 25 collides 
with this electronic collision section 28, the X line source (focus) 29 is formed. 
[0030] In drawing 2, the crevice of pivot bearing 72 and 73 is attached in the vertical side of the 
center section of the target 27, and the pivot of pivot bearing 72 and 73 is attached in the part 
which counters said crevice of the anode plate envelope 37. Moreover, the 1st magnetic pole 71 
is attached in the perimeter of the pivot bearing 72 of one field of a target 27. A heat-resistant 
magnet is used as this 1st magnetic pole 71, and a slot is established in a target 27 and it is 
embedded at it. The 1st magnetic pole 71 is countered and the 2nd magnetic pole 74 is attached 
in the field of the outside of the anode plate envelope 37. The stator which this 2nd magnetic 
pole 74 is the rotating-magnetic-field generating means which makes rotating magnetic field, for 
example, has arranged the magnetic pole in the shape of a ring is used. The power for rotating- 
magnetic-field generating is supplied to the 2nd magnetic pole 74 through the magnetic pole lead 
75 from a power supply section 12. If an electrical potential difference is impressed to the 2nd 
magnetic pole 74, rotating magnetic field will occur and the rotation driving force which rotates a 
target 27 by the interaction with the 1st magnetic pole 71 will be obtained. 
[0031] In this example, in order that there may be no Rota part in an anode plate 70, the Rota 
envelope becomes unnecessary and is deleted by envelope 35A. consequently, a configuration 
with the simple appearance as the micro focus X-ray tube 1 1 whole — becoming — the 
magnitude — the 1st example — rather — small — becoming — as the whole equipment — 
small — it miniaturizes. 
[0032] 

[Effect of the Invention] Since according to the micro focus X-ray tube assembly of this 
invention the allowable load of a target can be increased and X dosage can be made to increase 
by having made the anode plate pivotable as explained above, a clearer radioscopy image can be 
obtained. Moreover, small and miniaturizing can do the whole X-ray tube assembly by arranging 
pivot bearing etc. in an anode plate. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Dr awin g 1] The outline block diagram of the 1st example of the micro focus X-ray tube 
assembly concerning this invention. 

[Drawing 2] The outline block diagram of the 2nd example of the micro focus X-ray tube 
assembly concerning this invention. 
[Description of Notations] 

10 — Micro focus X-ray tube assembly 

11 1 1 A — Micro focus X-ray tube 

1 2 — Power supply section 

1 3 — Control section 

14 — Case 

21 — Source of an electron ray 

22 — Cash-drawer electrode 

23 — Electron optics system 

24 — Accelerating electrode 

25 — Electron ray 

26 70 — Anode plate 

27 — Target 

28 — Electronic collision section 

29 — X line source (focus) 

30 — Revolving shaft 

31 — Rota 

32 — Fixed part 

35 35A — Envelope 

36 — Cathode envelope 

37 — Anode plate envelope 

38 — Rota envelope 

39 — X-ray emission aperture 

44 — Stator 

45 — X-ray (X-ray beam) 

49 — Source lead of an electron ray 

50 — Cash-drawer electrode lead 

51 — Electron optics system lead 

52 — Accelerating-electrode lead 

53 — Stator lead 

60 — X-ray detecting element 

61 — Image display section 

71 — The 1st magnetic pole 

72 73 — Pivot bearing 

74 — The 2nd magnetic pole 

75 — Magnetic pole lead 
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